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Cloud computing helps big data processing to make various information using IT resources. The government has
to start the RPS(Renewable Portfolio Standard) and induce the production of electricity using renewable energy
equipment. And the government manages system to gather big data that is distributed geographically. The companies
can purchase the REC(Renewable Energy Certificate) to other electricity generation companies to fill shortage among
their duty from the system. Because of the RPS use voluntary competitive market in REC trade and the prices have
the large variation, RPS is necessary to predict the equitable REC price using RPS big data. This paper proposed
REC price prediction method base on fuzzy logic using the price trend and trading condition infra in REC market,
that is modeled in cloud computing environment. Cloud computing helps to analyze correlation and variables that
act on REC price within RPS big data and the analysis can be predict REC price by simulation. Fuzzy logic presents
balanced REC average trading prices using the trading quantity and price. The model presents REC average trading
price using the trading quantity and price and the method helps induce well-converged price in the long run in cloud
computing environment.

Key words : Cloud Computing, RPS (Renewable Portfolio Standard), REC (Renewable Energy Certificate), Fuzzy
Logic, REC Price Prediction, Price Prediction Simulation
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Fig. 1. RPS Iaas service model for REC price prediction in cloud computing
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Table 1. REC trading price and volume

1Y 24 3¢ 49 59 74 8Y 94 10¢ 114 12¢
'12 229444 | 220000 | 219862 | 161000 | 159638 | 163449 | 164482 | 166823 | 168598 | 165889 | 157631
?%ZJ') '13 | 157805 | 160587 | 156444 | 158770 | 156217 | 158902 | 158629 | 164560 | 185829 | 220152 | 220554 | 207587
'14 | 187847 | 166761
. '12 18 44 553 4 1856 873 1131 2486 3770 2072
(ga; '13| 7140 3860 2436 2815 5682 10056 | 15648 | 12086 | 15345 | 17377 | 15214
N '14| 13950 2050
REC 712  o=9¥2(Trend-based REC  Price B2 E3} REC 74420 883+ olu|sl= Aol

Prediction, 4] (2),

m

Pa'l,'g: E(P,t) /Z
P,,, = Average Price

P, = Real Trade Price

m = month

y

Pf,nd = (E_Pmon—rt) * (1 + [/mr)
y—

P,,; =Price Trend

Yy =year

P, - = Real MonthlyPrice

V., = Control Value of Volume

4.2 A$1: REC 71ZH|m
AF1Le Ze19t kA4 REC 712 o=
A At stk

=

ola} TRPP)& Thoa} 2.

)

@

Akl

2L 7S 2] 7

Fig. 5. REC prediction price

st2AlS 0| 5t5

=X

260000
%{ CRECTRNGPIC(201) - Average-based RECPTice  —k—Fuzzy-based REC Price
S 240000
H ——Trend-based REC price O REC TradingPrice(2012)
X @ %
220000 - \
(XEX] o
A
200000
180000
X "N
160000 XHX] IXRX X 0= .6fUTU.. P
140000
120000
100000
,(,QQ,,,«,,..Q’v,«\”c,",,,,,,,\’Q.“v,\“
F T T T
MarketMonth

Fig. 5= 20121d9] REC Azj7}41} 2013 o] 5 714 o]
Zg|o]g]l & x5k Aot FRPP7} DPEHJQE/\}QJ Al
AAV wstzole) 77 GARE 2% Balg 4= gk

Fig. 62 AA| 727H43} *lgiﬂlol*’l el izt
7hzo] Aok g EAEKE A0, Fig 59 Aol i)
A oRef 4 By F3f =EE A ot

4,= (7, =B, Pl)><100/ P, 3)

A, = AccuracyPrice

P, = Price of Pprediction Model

AZE3AMS] FRPPE Yif=3t4te] ARPPS} TRPPE
o} 100%01 B LU el 4= qiok 14717t
AlEd|ol4det FRPPO| 7hA2Heo] gat2 oF 94.2%0]
31 ARPP= ©F 91%, TRPP+= ¢F 82.3%%5 7155} ARPP
Xt} 2.2%, TRPPHET} 11.9% 4A] REC A7HA%}
At A2 e ek

AT FE AT FRPP7L T2 5 Jfe] 7103

==AVG-based REC Price ==Trend-based REC Price  ——Fuzzy-based REC Price

Prediction Approximate Value

> >N
s & & &
@ W W ¥

3
&84
S

&

MarketMonth

Fig. 6. Accuracy of the REC prediction price to comparison
real trading cost



Eco-System: S2tC AREEZA REC 71015 AlZ2old |

—-AVG-based REC Price ——Trend-based REC Price

Jan13 Feb-13 Mar13 Apri3 Map13 Jun-13 Jubi3 Aug-13 Sepd3 Oct-13 Novl3 Deci3 Janld Feb-14

Market Month

Fig. 7. REC Trading Cost

WPHE B REC 710l 2] S8 ele o 4 9)
al,

. =
A HARHo] RAET 9A e RPS Awol
o FHATAES] /AAHL 913k REC Tof o427
PUEOR AA A0 /g 2HE A5 S ATTS &

% Sk

4.3 M§2: REC 7{2{H|2 H|x

A2 ZERe-E 3ol REC 71H490|E AlEH o
A7kl 7158 A7} Adgs Se ARES 7
E31gick Aeulgo] k= 2E RPS AEE o|dsh=
FAIR), =7kt TS ulgof| tigt gjaa A&
7F & 4= Qlrk Fig. 7oA Al 8-> A19] AlEH o]
A 7143 A ETRS H3 oz 7125k mAlskdt A
o|c}.

utt = Aro] A4 7 eu]-83t FRPPS] Aeju]go] &
AR E o0& =T 98-S Bl <= 9131 ARPP2}
TRPP= 27| 37§} 2| 371€e] Aulg a7t &
Z& FRITE 4= 9lrk Fig. 72] AIME A3 Eklslr] ¢
3l 4] (45 B3] 714 2akE 7158t o] Fig. 8oltt.

7C,=T7C,—TC @)

pm
TC, = Difference of trading cost( TC)
TC, = Tradingcostof Real trading
TC, = TCof predictionmodel

‘pm

Dec-12 larrl3 Mar-13 May-13 Jun-13 Aug-13 Oc-13 MNov-13 Jan-14 Mar-14
800

A ﬁ -

BB Febd3 Marl3 Aprl3 Mayld Jundd WM Augls \%}1% i - 13 Maas Febas

AVG-based REC Prize

Gap of the Trading Volume (£1)

-400

600

800

[Trend-baszd REC Price

— Fuzzy-based REC Price:

1200

MarketMonth

Fig. 8. Difference of the REC trading cost to comparison
real trading cost

A7) A AulE AR Al= FRPP7F oF 1598iH
O ARPP7} 239uiutel, 286ugkli T} OF 80uATHY,

12780 e AdugL /1S5 gk

AT2E F)4 FRPPE B 79| 8-S jet 27
oS AgerelE B3 Adulgel that elaa
2 Hass pEaAUS BRI 4 vk

5.8 E

K
o
o
i
-
ox,
o
2
S
3
[>
)
N
tlo
ox
1o
et
4>
0,
2
£
i

5ol REC 7HdSdE] S Al o= U3t

RPSA|%E= Al AofuA] Hg 8 FHE &3 =4
A 2R 7108kl Jletl, 2 woldE olE ©l?
5t7] 918 A== REC 7449 oAt &S Q1%
o= HA7|REREC 7149)S Wie Aol
A719F REC 71Aofl52 REC wl=3;, w712, 85
& 2123t} REC 7H& AlSoal 71H& 2H T2 24
A AR AR 7P 2R dSsiaL Slee Ad
ol PSS

& 97E Fte] =7kt 3EeFAES REC 7H
d=o] 7hsshal SArEA 9] 7l FEEH REC 7H4<
olgsto] mimjdzre +HE = U= Aotk ole FF
459 RPSA|=0f tiet 714 ARt gaoltalse] 9
rolaiulgol thgt stE AgslaL o&she ETEH
28o| 7Fsd Aoltk

o

tlo

K23 M4z 20141 12¢



1

References

. L. Foster, Z. Yong, 1. Raicu and S. Lu, “Cloud computing
and grid computing 360-degree compared”, Grid Computing
Environments Workshop, pp. 1-10, 2008.

. SERI, “Introduction of Renewable Portfolio Standard
Introduction in 2012”, SERI Economic Focus, Vol 344,
2011.01.

. C. H. Lee, “RPS and REC Trading Market”, Wind Power
Industry Specially Seminar, pp.1-47, 2011.06.

. B. Hayes, “Cloud computing”, Communications of the
ACM, vol 51, Issue 7, pp. 9-11, 2008.

. K. W. Park, K. J. Ban, S. H. Song and E. K. Kim,
“Cloud based Intelligent Management System for
Photovoltaic Power Plants”, The Journal of the Korea
Institute of Electronic Communication Sciences Vol. 7,
No. 3, pp. 591, 2012.

. S. D. Kim, C. G. Moon, “Economic Effect Estimation

of RPS Introduction”, Environmental and Resource

Z 7 & (kccho@etri.re.kr)

HENEDREE

=X

2005 lstefata AFE gt AL
2007 QIshEhE AREE AR A}
2013 Isesk AR gskat by

2011~ 3R FAAEALTY A4

10.

1.

12.

Bsof : Fe9E ARG, BUY & ABA0lH, 4L

. A. Saffiotti, E. Ruspini, K. G. Konolige,

Economics Review, Vol. 14, No. 3, pp. 751-773, 2005. 09.
“A fuzzy
controller for flakey, an autonomous mobile robot,” In
Technical Note 529, Artificial Intelligence, 2993.03.

. P.C. Chang, C.H. Liu, “A TSK type fuzzy rule based

system for stock price prediction”, Expert Systems with
Applications, vol.34, no.1, pp.135-144, 2008.

. K. B. Song, “The System Marginal Price Forecasting in

the Power Market Using a Fuzzy Regression Method”,
The Journal of the Korean Institute of Illuminating and
Electrical Installation Engineers, Vol. 17, No 6, pp.
54-59, 2003.11.

M. Mamdani, “Application of Fuzzy Algorithm for Control
of Simple Dynamic Plant,” Proc, IEE, v. 121, 1585-1588,
1974.

C. W. de silva, “Intelligent Control,” Fuzzy Logic
Application. Boca Raton, FL: CRC, 1995.
REC(Renewable Energy Certificate) Trading System,
http://rec.kpx.info/ 2014.

AR A A




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


